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Coupling photosynthetic electron transport to metabolic
engineering
Prof. Poul Erik Jensen1
1Copenhagen Plant Science Centre, Dept. Plant And
Environmental Sciences, University Of Copenhagen,
Frederiksberg C, Denmark

Photosynthesis drives the production of ATP and NADPH
mainly used to fix CO2. Surplus of redox power can be
exploited for biotechnology such as for production of high-
value compounds. Important natural products are often synthe-
sized in low quantities by their host organism and can be diffi-
cult to produce by chemical synthesis because of their complex
chemical structures. The cytochromes P450 (P450s) situated in
the endoplasmic reticulum play key roles in natural product
biosynthesis, and are powered by electron transfers from
NADPH. We have shown that plant P450s can be expressed
in chloroplasts and cyanobacteria can be directed to the thyla-
koid membrane. Here, the photosynthetic electron transport
will support P450 catalytic activity independent of NADPH
and dedicated reductases. In order to route reducing power
more efficiently to P450s, we have fused them with ferredoxin
(Fd) or flavodoxin-like FMN domains. These fusions allow the
P450s to obtain electrons for catalysis directly from the photo-
synthetic electron transport chain by interacting with photosys-
tem I and make them competitive with the natural occurring
ferredoxin requiring enzymes in the chloroplast. Further dedi-
cated redirection of reducing power can be obtained by scaf-
folding all the enzymes of a pathway on the thylakoid
membrane. In a novel strategy, we have fused enzymes
with transmembrane domains of TatB and TatC from the
chloroplast twin arginine translocation system. This re-
duced the accumulation of unwanted intermediates and
side products and increased the accumulation of the end
product fivefold. This work shows that chloroplasts and
cyanobacteria have many attractive features for metabol-
ic engineering, and suggests much unexplored potential
for engineering of photosynthetic electron transfer chains
to accommodate heterologous enzymes.
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Commercial or clinical development of enzymes and
biopharmaceuticals expressed in plant chloroplasts
Prof. Henry Daniell1
1University of Pennsylvania, School of Dental Medicine,
Philadelphia, United States

HENRY DANIELL. University of Pennsylvania, School of
Dental Medicine, Department of Biochemistry, Philadelphia
PA 19104–6030, USA. Email:hdaniell@upenn.edu

Oral delivery of plastid-made biopharmaceuticals (PMB) is
affordable because it eliminates prohibitively expensive fer-
mentation, purification processes addressing major challenges
of short shelf-life after cold storage. Within the last decade,
significant advances have been made in expression of
complex/large human or viral proteins in chloroplasts of edi-
ble plants. Furthermore, advances in quantification enable de-
termination of in-planta drug dosage (Plant Physiology
172:62–77; Plant Biotechnology Journal 2018).

PMBs treat major metabolic or genetic disorders, including
Alzheimer’s, diabetes, hypertension, hemophilia, and retinop-
athy. Booster vaccines made in chloroplasts prevent global
infectious diseases, such as tuberculosis, malaria, cholera,
and polio (Plant Biotechnology Journal 14: 2190–2200;
Vaccine 35: 5418–5425, 2017). Recent advances in this field
including commercial scale production of human therapeutic
proteins in FDA-approved cGMP facilities (Biomaterials 70:
84–93), development of tags to deliver protein drugs to
targeted human cells or tissues (Biomaterials 80: 68–79),
methods to quantify in planta drug dose using proteomic
quantitation by parallel reaction monitoring analysis (Plant
Physiology 172:62–77) and long-term stability of protein
drugs at ambient temperature (Molecular Therapy, 24: 1342–
1350), testing human drug doses in large animals (Molecular
Therapy 25: 512–522) will be discussed. Likewise, enzymes
for various applications including detergent, textile, paper,
pulp or food/feed have been expressed in chloroplasts and
shown to be fully functional as current industrial products.
Industry equivalency evaluations will be presented.
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Support from major biopharmaceutical companies, devel-
opment of hydroponic production systems, and evaluation by
regulatory agencies, including the CDC, FDA, and USDA,
augur well for advancing this novel concept to the clinic and
to revolutionize affordable healthcare (Daniell et al. Annual
Review of Genetics, 50: 595–618; Genome Biology 17:134).
Recent advances will be presented.
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Developing of specific single chain antibody fragments (scFv)
against Xanthomonas citri using phage display technology
Assoc. Prof Mohammad Reza Safarnejad1, Ms. Hamideh
Reisi1, Dr. Mehdi Alavi2
1Iranian Research Institute Of Plant Protections, Tehran, Iran,
Department of Plant Biotechnology, National Institute of
Genetic Engineering and Biotechnology, Pajohesh Blv,
Tehran, Iran

Citrus bacterial canker, caused by Xanthomonas citri subsp.
citri (Xcc), is amongs the important diseases of Mexican lime
orchards in southern parts of Iran. Phage display has been used
to produce specific antibodies for detection of pathogen-
infected plants as well as development of resistant varieties.
The potential of this technique to develop specific recombi-
nant phages against the causal agent of citrus bacterial canker
was investigated. An effector (pthA) and a pilus protein
(HrpE), the major critical components of type III secretion
(T3S) system with roles in pathogenesis, were chosen as an-
tigens. Recombinant forms of the proteins (pthA and HrpE)
were expressed in a bacterial host and purified via affinity
chromatography. Tomlinson phage display libraries including
single chain variable fragments were used for isolation of the
specific antibodies. Biopanning, 3 rounds against pthA and
HrpE proteins, allowed enriching antigen-specific phages.
The specificity of phages was tested using ELISA.
Moreover, the phages were able to detect the plants infected
with citrus bacterial canker. The isolated phages may be used
to develop specific monoclonal antibodies.
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Draft Genome Sequence and Genes Involved in
Benzylisoquinoline Alkaloid Biosynthesis in California Poppy
Prof. Fumihiko Sato1, Dr. Yasuyuki Yamada1, Dr. Kentaro
Hori1
1Grad. Sch. Biostudies, Kyoto University, Kyoto, Japan

Land plants produce specialized metabolites to adapt to various
environmental stressors, such as UV, pathogen infection,
wounding, and animal feeding damage. Due to the large variety
of stresses, plants produce various chemicals, particularly plant
species-specific alkaloids, through specialized biosynthetic

pathways. In this study, we determined a draft genome se-
quence of California poppy (Eschscholzia californica) and
characterized the genes involved in benzylisoquinoline alkaloid
(BIA) biosynthesis, especially P450s and some key transcrip-
tion factors involved in the BIA metabolism. Our in silico
studies showed that all identified enzyme-encoding genes in-
volved in BIA biosynthesis were found in the draft genome
sequence of approximately 489 Mb, which covered approxi-
mately 97% of the whole genome (502 Mb). Further analyses
showed that some P450 families involved in BIA biosynthesis,
i.e., the CYP80, CYP82 and CYP719 families, were enriched
in the genome of California poppy than in the genome of
Arabidopsis thaliana, a plant that does not produce BIAs.
CYP82 family genes were highly abundant, and biochemical
characterization revealed two highly homologous P450s
(CYP82P2 and CYP82P3) that exhibited 10-hydroxylase ac-
tivities with different substrate specificities. Additional tran-
scriptome analysis after methyl-jasmonate treatment in seed-
ling and cultured cells indicated the high correlation of the gene
expression of some transcription factors and biosynthetic en-
zymes. Here, we discuss the potentials of genome sequencing
for the mining of the genes encoding the enzymes and tran-
scription factors involved in specialized metabolism.
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Ant i -Neuro in f l ammato ry Effec t o f Or i en t in in
Lipopolysaccharide-Stimulated Bv2 Microglial Cells
Ms. Ying Pei Wong1, Ms. Erna Laere1, Dr. Rhun Yian Koh1,
Dr. Anna Pick Kiong Ling1
1International Medical University, Kuala Lumpur, Malaysia

Neuroinflammation, a chronic form of inflammation in central
nervous system (CNS) may lead to neurodegenerative diseases
when several pro-inflammatory mediators are upregulated ex-
cessively. Thus, there are growing interests among scientists to
utilise bioactive compounds derived from plants to prevent or
delay the occurrence of neurodegenerative disorders by modu-
lating the neuroinflammatory mechanisms. Orientin had been
proven to possess anti-oxidative, anti-inflammatory and neuro-
protective effects. Nevertheless, its anti-neuroinflammatory ac-
tivity has yet to be investigated. Hence, the present study aimed
to determine the anti-neuroinflammatory properties of orientin
on BV2 microglial cells stimulated with lipopolysaccharide
(LPS) by measuring the level of nitric oxide (NO), pro-
inflammatory and anti-inflammatory mediators. The maximum
non-toxic dose (MNTD) of orientin was determined by using
3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide
(MTT) assay and the optimal concentration of LPS to induce
inflammation on BV2microglial cells was determined based on
the nitric oxide level. The cells were pre-treated with orientin at
MNTD or ½MNTD for 3 hours and followed by 0.1 μg/mL of
LPS for 24 hours. The level of tumour necrosis factor-α
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(TNF-α), interleukin (IL)-6, IL-10 and prostaglandin E2 (PGE2)
were measured using enzyme-linked immunosorbent assay
(ELISA) kit. The MTT assay result showed that the MNTD
and ½MNTD of orientin was 15 μM and 7.5 μM, respectively.
The present study also demonstrated that LPS at 0.1 μg/mL
could produce a significant level of NO (4.40.72 μM) yet did
not cause cytotoxicity in BV2 cells. Pre-treatment of LPS-
stimulated BV2 cells with orientin at 15 μM significantly
inhibited the production of NO and PGE2 by 4.11% and
6.09%, respectively while enhanced the production of IL-10
by 11-fold after 24 hours. However, the production of TNF-α
and IL-6 was elevated by orientin at MNTD by 14.37% and
15%, respectively. The results from this study suggested that
orientin may possess anti-neuroinflammatory properties on
LPS-stimulated BV2 microglial cells by modulating the expres-
sion of inducible nitric oxide synthase (iNOS), cyclooxygenase-
2 (COX-2) and myocyte enhancer factor 2D (MEF2D).
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Relation Between Hypericin Content and Morphometric Leaf
Parameters in Hypericum spp. Described By Third-Degree
Polynomial
Dr. Linda Petijová1, Assoc. Prof. Katarína Kimáková1, Dr.
Katarína Bruňáková1, Prof. Eva Čellárová1
1Institute of Biology and Ecology, Department of Genetics,
Faculty of Science, Pavol Jozef Šafárik University in Košice,
Košice, Slovakia

Abiotic stress may stimulate secondary metabolite biosynthe-
sis in plants. However, the biosynthetic capacity of metabo-
lites accumulated in specialised reservoirs has certain limita-
tions. The genus Hypericum comprises many representatives
that produce unique secondary metabolites, mostly photosen-
sitive naphtodianthrones. To prevent phototoxic damage to the
plant tissues, hypericins and their proto-forms are stored in the
multicellular secretory structures occurring on the aerial parts
of the plant. The appropriate model describing the association
between hypericin content in the dark nodules and leaf mor-
phological characteristics has not been designed before now.
In our work, we proposed to explain the relationship between
hypericin biosynthetic capacity and morphometric leaf param-
eter using polynomial regression modeling. The data were
collected from 12 selected diploid seed-derived Hypericum
species which were cultured in vitro and differed in their
hypericin content and leaf morphology. The cubic degree
polynomial appeared as the most fitting model. As secondary
metabolite content together with leaf morphological charac-
teristics may be influenced by abiotic stress conditions, the
model was tested on the specimens subjected to low temper-
atures as well. Similar models could be helpful for the estima-
tion of biosynthetic capacity of other phytochemical constitu-
ents localised in the specialised secretory structures.
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Secondary metabolite profiling in the genus Hypericum re-
veals two possible key intermediates in hypericin biosynthesis
Prof. Eva Cellarova1, Assoc. Prof. Katarina Kimakova1,
Dr. Andrea Kimakova1, Dr. Jakub Idkoviak2, Prof. Maciej
Stobiecki2, Dr. Pawel Rodziewicz2, Dr. Lukasz Marczak2
1P. J. Safarik University in Kosice, Kosice, Slovakia, 2Institute
of Bioorganic Chemistry, Polish Academy of Sciences,
Poznan, Poland

The genus Hypericum is known for wide range of bioactive
compounds with numerous pharmacological effects. The
main biological activities of several Hypericum representa-
tives are especially due to the presence of naphthodianthrones,
phloroglucinols and other diverse groups of secondary metab-
olites that synergistically contribute to their therapeutic ef-
fects. Although different Hypericum species are constituents
of commonly used herbal remedies, the origin of hypericin
remains uncertain. Hypericin is one of the key bioactive
naphthodianthrones but is present only in some Hypericum
species. It has great therapeutic and diagnostic potential
against cancer. Here, we present liquid chromatography-
mass spectrometry-based phenotyping of seventeen
Hypericum species grown in vitro, the results of which sug-
gest an important role for skyrin and its derivatives in the
pathway that leads to hypericin biosynthesis. For the first time
in the Hypericum genus, we report the presence of new me-
tabolites that are related to classes of anthraquinones,
their derivatives and phloroglucinols. As skyrin and oth-
er species of anthraquinones are rarely found in higher
plants, the obtained results suggest that further research
should concentrate on the crosstalk between Hypericum
plants and Hypericum-borne endophytic fungi to discern
the origin of hypericin.

O - 73

Scientific evaluation of selected medicinal plants of
India as a source of bioproducts and biopharmaceuticals
Dr. Mala Agarwal1
1B.b.d.government College,chimanpura, Jaipur, India

Plants have always been a source of natural product for the
treatment of various diseases. Since the advent of modern
drug treatments, traditional medicine has greatly receded in
occidental societies. The plants possess bioactive constituents,
also known as neutraceuticals, which may alter certain phys-
iological actions in the human body. In vitro plant cell cultures
have potential for commercial processing of plants and their
chemicals. Momordica charantia has been used as a dietary
supplement and as ethano-medicine for centuries to treat dia-
betes and a number of other diseases. The plant possesses over
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225 different medicinal constituents, which may act either
separately or together to exert their medicinal effects. On qual-
itative and quantitative estimation of callus cultures (2.90 mg/
g dw and 27.34 mg/g dw respectively) in vitromorphogenetic
stages (2.96 mg/gdw and 10.39 mg/gdw) the presence of fla-
vonoids and three steroids were reported. The bioactive con-
stituents of Pistia stratiotes are alkaloids, glycosides, flavo-
noids, and steroids. Eichhornia crassipes contains many phy-
tochemicals, which show antimicrobial, antioxidant wound
healing, antitumor, and larvicidal activity. The Prosopis cin-
eraria and Prosopis juliflora, possess various secondary me-
tabolites and pharmacological and antimicrobial properties.
Quercetine, kaempferol and luteolin were identified in leaves,
stems and pods of P. juliflora and P. cineraria. Diosgenin was
found to be highest in the leaves of P. cineraria while in P.
juliflora it was found to be highest in pods. In P. cineraria the
highest activity against S. griseus was shown by the leaves.
Maximum fungal activity against P. funiculosum was exhibit-
ed by the pods. In P. juliflora the highest pharmacological &
fungal activity was by pods against E. coli and P. funiculosum
respectively. Maximum antioxidant activity was shown by
pods.

Key words:-Ethno-medicine, biopharmaceuticals, bioactive
constituents, secondary metabolites
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Isolating promoters to construct a nectar delivery system for
mosquito population control in Impatiens walleriana
Ms. Grace Pruett1, Mr. Andrew Cox1, Ms. Heather
Lanier1, Mr. Luke Richardson1, Ms. Annie Sun1, Ms. Marisa
Pinson1, Ms. Thuy Nguyen1, Dr. Clay Carter2, Dr. Marshall
Hampton3, Dr. Christopher Kearney1
1Baylor University, Waco, United States, 2University of
Minnesota, St. Paul, United States, 3University of Minnesota
Duluth, Duluth, United States

Indiscriminate and wide-scale spraying of pesticides to control
mosquito populations has led to numerous ecological prob-
lems. Likewise, while biopesticides may offer more species-
specificity, their delivery to mosquitoes in their natural envi-
ronment has often proved to be problematic. Nectar-
producing plants can serve as a delivery platform for these
products because mosquitoes are known to feed on their nec-
tar. Results from previous studies have shown that mosquitoes
will preferentially feed on the nectar of Impatiens walleriana,
a plant with a well-established transformation protocol. The
present study focused on isolating native promoters from I.
walleriana in order to achieve foreign protein expression in its
nectar. The nectar protein sequences were predicted using LC
MS/MS mass spectrometry, the nectar RNA was analyzed
using RNA-seq, and the whole genome was sequenced using

Illumina sequencing. RNA-seq identified a phylloplanin ho-
molog as the most actively transcribed RNA in the nectary
tissue and the mass spectrometry analysis predicted several
peptide fragments that matched the protein sequence of the
phylloplanin homolog. The phylloplanin homolog mRNA
was used as a query sequence to locate its promoter using
blastn after the genome data was organized into BLAST da-
tabases. I. wallerianawill next be transformed with constructs
using this promoter to test its efficiency at foreign protein
expression.
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Cost Effective Sample Management in the Cloud
Mr. Peadar MacGabhann1
1Biostór Ireland, Co. Wexford, Ireland

Without affordable cloud computing many current, large,
multi-centre research projects would be financially unfeasible.
Alternatives require substantial IT investment or extra people
to project manage manual processes, carry out quality checks,
and produce regular status reports. With a result they are more
time consuming, uncoordinated, error prone and take longer to
achieve outcomes. In the last 5-years, affordable cloud-based
information management systems have become a workable
reality. Cloud-based sample management offers: increased ef-
ficiency and speed, streamlined semi-automated workflow,
faster turnaround times, easier data entry, reduced errors and
rework, fewer people to operate, increased transparency, real-
time visibility of results, enhanced collaboration & data shar-
ing among researchers, sponsors and partners. The recent G7
ScienceMinisters Communiqué (Turin, September 2017) stat-
ed: all researchers should be able to deposit, access and ana-
lyse scientific data across disciplines and at the global scale,
and research data should adhere to the FAIR principles of
Findable, Accessible, Interoperable & Reusable. With the
ever-increasing cost of collecting, maintaining and sharing
biological samples, research organisations need smart systems
with robust informatics platforms to support complex, multi-
centre, research studies integrated with analytical laboratories
in different countries. The European Open Science Cloud
(EOSC), currently being established, is being designed to ac-
celerate research and make outputs from research more useful,
enduring, reproducible and transparent and requires that all
scientific data, paid for by taxpayers for the benefit of society,
is fully accessible to all European scientists and beyond. Smart
cloud-based Information Management Systems which can
readily integrate with EOSC will become an essential tool
for research groups who want to participate in meaningful
scientific studies in future. This presentation describes a case
study on the creation and operation of a cost-effective cloud-
based sample management system to manage information
flows between a consortium of 13 partners across Europe.
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Enhanced antibacterial silver nanoparticles synthesis through
Melatonin and Thidiazuron supplemented callus cultures of
Fagonia indica
T. Khan1,2, B. H. Abbasi2 and G. S Ali3
1Department of Biotechnology, University of Malakand,
Chakdara Dir Lower, Pakistan; 2Department of
Biotechnology Quaid-i-Azam University Islamabad
45,320, Pakistan; and 3Mid-Florida Research and
Education Centre, University of Florida, USA; Email:
tariqkhan@uom.edu.pk

There is an emerging interest in Fagonia indica, an
important anticancer medicinal plant especially famous
for breast cancer. We devised different strategies for the
rapid and uniform production of efficient antimicrobial
silver nanoparticles (AgNPs) from in vitro derived callus
cultures of F. indica, which were produced through ap-
plication of different plant growth regulators either
alone or in combination. In this project, AgNPs were
biosynthesized in extracts from thidiazuron (TDZ) in-
duced callus cultures and compared in terms of size,
shape, stability and antibacterial efficacy to wild plant
extract based AgNPs which were used as a control.
Characterization of AgNPs synthesized through these
routes suggested that compared to the control, TDZ cal-
lus based AgNPs were smaller in size (mean size =
15 nm), uniform in shape (spherical), higher in concen-
tration (160 μg/mL), more stable and more potent
against phytopathogenic bacteria (Escherichia coli, Bacillus
cereus, Xanthomonas citri, Agrobacterium tumefaciens,
Streptomyces griseus and Erwinia caratovora) having mini-
mum inhibitory concentration (MIC ≤3.90 μg/mL).
Furthermore, melatonin, a potent hormone, was employed
for a synergistic effect on phytochemical induction in callus
cultures. Melatonin supplemented TDZ derived callus cul-
tures were used for biosynthesis of AgNPs. X-ray diffraction,
fourier-transform infrared spectroscopy, transmission electron
microscopy, and energy dispersive X-ray of AgNPs showed,
that supplementation with melatonin further enhanced the
AgNPs synthesis efficacy in terms of rapidity, and concentra-
tion (173 μg/mL). It further promoted the antibacterial
activity (MIC = ≤1.95 μg/mL). Besides, reactive oxygen
species (ROS) quantification showed elevated ROS in
bacteria after application of AgNPs, which indicated
the mechanism of bacterial inhibition through the pro-
duction of ROS in bacterial cells. These results indicat-
ed that in vitro grown cultures of plants under the effect
of different plant growth regulators either alone or in syner-
gism can enhance the production, properties, and biological
potential of nanoparticles.
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Wolffia arrhiza as expression platform for production of
therapeutical proteins
Prof. Sergey Dolgov1,2, Dr. Pavel Khvatkov2, Dr. Aleksey
Firsov1,2, Ms. Anastasiya Shvedova2, Ms. Lubov Shaloiko1,
Ms. Alexey Pushin1,2, Dr. Irina Tarasenko1, Dr. Mariya
Chernobrovkina2
1Branch Of Shemyakin&ovchinnikov Institute Of
Biooorganic Chemistry Ras, Pushchino, Russian Federation,
2All-Russian Institute of Agricultural Biotechnology,
Moscow, Russian Federation

To date the development of tissue culture systems in duckweeds
is limited to species of the genus Lemna and Spirodella. Yet, a
more promising target for biopharming is Wolffia arrhiza as an
object for submerged cultivation in a fermenter. We have devel-
oped a two-step procedure of callus induction in Wolffia. The
most efficient transgenesis and selection of the transgenic lines
occurred in the presence of hygromycin B. The successful trans-
formation requires the presence both of 2,4-D and BA in the
cultivation medium within 15 days. To induce regeneration,
after 2 weeks the explants were transferred to SH medium with-
out growth regulators. The transformation procedure used bac-
terial strains EHA105 harbouring plasmid pCamGCSF contain-
ing double CaMV35S-driven hG-CSF gene containing signal
peptide. The rice α-amylase and ER-signal (localization signal
to apoplast transport) and double CaMV35S-driven hygromycin
phosphotransferase (hpt) selection gene allowing for Hyg selec-
tion of transgenic plant tissues, were used in agro inoculation
experiments. As a result of investigations, 34 transgenic lines of
Wolffia harbouring both granulocyte colony-stimulating factor
genes were obtained. Western blot assay and ELISA confirmed
expression of recombinant protein. Integration of heterologous
DNA was proved by molecular-biological analyzes (PCR and
Southern blot analyzes). Two lines expressing G-CSF at 0.12–
0.35% of the saturated protein were revealed (~30 mg target
protein per 1 kg green weight of Wolffia arrhiza, a quarter of
which is allocated into the cultivation media).

O - 122

Expression of human Granulocyte colony stimulating factor
(G-CSF) in transgenic duckweed (Lemna minor L) plants
Mr Aleksey Firsov1, Mrs. Irina Tarasenko1, Ms. Tatiana
Mitiouchkina1, Prof. Sergey Dolgov1
1Branch Of The Shemyakin-ovchinnikov Institute Of
Bioorganic Chemistry Of The Russian Academy Of
Sciencts, Pushchino, Russian Federation

Granulocyte colony stimulating factor (G-CSF), a 19.6 kDa
glycoprotein, is the main hematopoietic growth factor
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regulating granulocytopoiesis. To date, recombinant hu-
man G-CSF is widely used in oncology and hematology
for treatment of patients with neutropenia after chemo-
therapy, for HIV therapy and others diseases. Here, we
report the successful transformation of duckweed and
the expression of human G-CSF (DrugBank DB00099)
in transgenic plants. The nucleotide sequence encoding
GCSF was optimized for expression in duckweed plants
and cloned into vector pBI121 under the control of
CaMV 35S promoter. The resulting plasmid was suc-
cessfully used for Agrobacterium- mediated duckweed
transformation. Western blot analysis revealed the pres-
ence of a 20 kDa band corresponding to the recombi-
nant G-CSF in 12 transgenic lines out of 15 studied.
Quantification of the target protein in transgenic duck-
weed plants using anti-G-CSF antibody showed accumu-
lation up to 65 mg of recombinant G-CSF per kg duck-
weed fresh weight. Transgenic duckweed plants, pro-
ducers of recombinant human G-CSF will be used for
further development of a plant-based expression system
for manufacturing of this protein. The study was carried
out using USI “FITOTRON” (registration number 2–2.9) in
accordance with State Task No. 0101–2014-0069.

O - 140

Plant Cell Cultures – up to Commercial Scale Production of
Actives
Dr. David Alexander Ullisch1, Dr. Yantree Devi Sankar-
Thomas1, Mr. Stefan Wilke1, Mr. Thomas Selge1, Mr.
Matthias Pump1, Dr. Thomas Leibold1, Mr. Kai Schütte1,
Dr. Gilbert Gorr1
1Phyton Biotech GmbH, Ahrensburg, Germany

Secondary metabolites from plants are utilized especially in
medical applications but are more and more interesting as
cosmetic ingredients and in the field of nutraceuticals.
However, supply of compounds from natural harvest can be
limited by numerous factors i.e. endangered species, low
product content, climate impacts and cost intensive extraction.
Whereas in many cases the complexity of secondary metabo-
lites precludes chemical synthesis on a reasonable commercial
basis, plant cells contain the biosynthetic pathway – a natural
chemical factory – for a given compound. A promising ap-
proach for the sustainable production of natural products can
be plant cell fermentation (PCF®). So far the most prominent
example using a PCF® process is the production of the anti-
cancer compound paclitaxel. To demonstrate the power of
plant suspension cultures three case studies are presented: 1)
For more than 17 years Phyton has produced paclitaxel at
industrial scale i.e. up to 75,000 L in scale. With 60 g/kg dry
weight this fully controlled process which is applied according
to GMP results in outstanding high yields. 2) Thapsigargin is

another anticancer compound which is currently isolated from
seeds of Thapsia garganica. Thapsigargin is a powerful cyto-
toxin and the key ingredient of the investigational prodrug
Mipsagargin (G-202) which is in several clinical trials.
Phyton successfully generated plant cell lines capable to ex-
press this compound. Here, data about the screening for high
producing cell lines are presented. 3) The third case study
covers ingenol-3-mebutate. This compound is found in
the milky sap of the intact plants of the Euphorbiacae
family at very low concentrations. Ingenol-3-mebutate is
used in Picato® which is approved against actinic ker-
atosis. Generation of cell lines expressing significant
amounts of ingenol-3-mebutate is another example
underlining the strength of plant cell culture. The au-
thors gratefully acknowledge Inspyr Therapeutics for
funding.
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Exploring tropane alkaloid production in commercial
species of Duboisia myoporoides x Duboisia leichardtii
Mr. Lawrence Webb1, Dr. Xavier Conlan2, Dr. Damien
Callahan2, Mr. Ian Haak3.
1Centre for Regional and Rural Futures, Deakin University,
Waurn Ponds, Australia, 2School of Life and Environmental
Sciences, Deakin University, Waurn Ponds, Australia,
3Alkaloids of Australia Pty Ltd, Kingaroy, Australia

The tropane alkaloid scopolamine is a highly valuable com-
pound used to treat a range of medical conditions afforded by
its anticholinergic effects. Most commonly it can be found in
travel sickness medication, but it is also used in a range of
other treatments including Parkinson’s disease, abdominal
pain and to induce mydriasis. An alkaloid found in many
species belonging to the Solanaceous family, scopolamine is
commercially produced via the cultivation of the Australian
species Duboisia myoporoides x Duboisia leichardtii. This
Duboisia hybrid is capable of producing a thick canopy of
leaves containing high quantities of scopolamine and is there-
fore an ideal crop for the production of the drug. However,
current knowledge of the species true abilities is limited and
consequently, further research is required to identify improve-
ments that could benefit industry. This research explores sev-
eral key aspects of scopolamine biosynthesis including the
regulatory effects of hormones such as methyl
jasmonate, assessment of the key enzymatic conversion
of hyoscyamine to scopolamine and seasonal profiling
of associated metabolites. Using techniques including
hairy root culture, chemiluminescence and mass spec-
trometry based assays, and gene expression analysis a
more complete story surrounding Duboisia drug produc-
tion has been established in order to help guide industry
into more efficient drug producing processes.
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Food from Plant Cell Cultures!?
Dr. Heiko Rischer1
1VTT Technical Research Centre Of Finland Ltd., 02044
Espoo, Finland

Plant cell cultures (PCCs) constitute established biotechnolog-
ical systems for the production of phytochemicals for pharma-
ceuticals, pigments, cosmetics and additives.Main advantages
are the contained, scalable and fully controlled year-round
processes based on the enormous biosynthetic capacity of
axenically grown plant cells. An idea that has received rela-
tively little scientific attention so far despite the public interest
in cellular agriculture for animal-derived products is the utili-
zation of PCCs for food production. There are quite a number
of reasons on top of the fact that the dietary intake of plant-
based food is generally considered healthier than animal-
based food. A significant driver is the need to establish alter-
natives for the production of sufficient food altogether. It is
estimated that 60% more food will be needed by 2050 due to
global population growth while only 2% more agricultural
land will be available. At the same time the emissions from
agriculture account for 25% of global emissions must be de-
creased considerably. Urbanization is another trend calling for
local food production to reduce transport costs and waste.
Besides sustainability aspects, first investigations on the nu-
tritional and sensory quality of PCCs confirm their great po-
tential for food production. PCCs contain nutritionally prom-
ising combinations of proteins, carbohydrates and lipids,
enriched with vitamins and health-promoting compounds.
Additionally, they exhibit technological processability that in-
fluences digestibility and are, therefore, highly relevant for the
food industry. The systematic research and development
concerning these topics and the relevance for regulatory
approval will be highlighted.
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Effect of elicitation on polyacetylen distribution in Panax
ginseng adventitious roots and its biological activity
Dr. Lenka Langhansova1, Dr. Petr Marsik1, Prof. Lenka
Skalova2, Mgr. Eliska Syslova1,2, Dr. Tomas Vanek1
1Institute Of Experimental Botany CAS, Prague 6,
Czech Republic, 2Faculty of Pharmacy, Charles University,
Hradec Kralove, Czech Republic

Adventitious roots were found to be the most suitable in vitro
culture system for production of secondary compounds from
Panax ginseng. The pharmacological efficacy of Korean gin-
seng identified by modern science has been proved by many
authors. Most works on in vitro production of secondary me-
tabolites in ginseng have focused on ginsenosides. To the

contrary, our work focused on polyacetylene production. For
stimulation we used different elicitors which had been previ-
ously tested. We selected elicitors resulting in dissimilar dis-
tribution of individual polyacetylenes – yeast extract,
coronatine, chitosan, and jasmonic acid. Coronatine was prov-
en to be an effective elicitor for ginsenoside production in our
previous work. However the production of polyacetylenes
was highest after elicitation with jasmonic acid. The best an-
tiproliferative activity against SW480 and SW620 human co-
lon cancer cells showed extract from roots elicited with
jasmonic acid followed by coronatine and chitosan. IC50

values for root extract elicited with jasmonic acid was
2.62 μg*mL−1 for SW480 and 2.68 μg*mL−1 for SW620.
Roots elicited with chitosan and jasmonic acid also revealed
strong inhibition of prostaglandin E2 catalyzed by cyclooxy-
genase 2 enzyme with IC50 0.55 and 0.59 μg*mL−1, respec-
tively. Both elicitors resulted in root extracts with higher con-
tent of more polar polyacetylenes. This work was supported
by LD13013 and LTC17035 projects granted by Ministry of
Education, Youth, and Sports of the Czech Republic, and by
the European Regional Development Fund under grant OPPK
CZ.2.16/3.1.00/24014.
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Seaweed Polysaccharides Protect Against Strawberry
Soft Rot
Dr. Zoe Popper1, Ms. Eithne Browne1,2, Mr. Ross
Campbell2, Dr. Sarah Hotchkiss2
1NUI Galway, Galway, Ireland, 2CyberColloids, Carrigaline,
Ireland

Strawberry soft rot, caused by the fungus Rhizopus stolonifer,
results in significant post-harvest losses of strawberry fruits
(Fragaria × ananassa) and associated economic losses.
Growing concerns over the safety of conventional fungicides
used to control R. stolonifer, coupled with the emergence of
fungicide-resistant strains of the pathogen, have stimulated
research into the development of environmentally-stable and
potent alternatives as well as investigation into the effective-
ness of different storage techniques. Naturally occurring
seaweed-derived sugars (SDSs), both polysaccharides and ol-
igosaccharides, are reported to have antifungal activity. The
present study employed dip assays, radial-gel diffusion assays
and liquid cultures, to examine the potential of SDSs to con-
trol R. stolonifer growth. Whole strawberry fruits, pre-treated
by dipping in 1% w/v solutions of SDSs showed de-
layed fungal growth compared to a distilled water con-
trol. In vitro assays including, radial-gel diffusion as-
says, in which R. stolonifer was cultured on solid media
treated with SDSs, and liquid cultures, in which the
SDSs were added to Rhizopus cultures grown in media
optimised for Rhizopus growth, confirmed that several
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SDSs are able to inhibit the growth of Rhizopus. Our
results suggest that several SDSs have valuable potential
application as an environmentally-stable alternative to
commercial synthetic fungicides currently used in the
treatment of Rhizopus rot.
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Plant and Algal Cell Walls as Sustainable Sources of Novel
Bioproducts
Dr. Zoe Popper1
1NUI Galway, Galway, Ireland

Plant and algal cells are surrounded by cell walls which are the
main deposit of photosynthetically-fixed carbon. Cell walls are
already used as a major source of bioproducts such as
(bio)fuels, textile fibres, dietary fibre, and building materials.
Many fundamental processes within plants and algae, includ-
ing cell division, growth, differentiation, morphology, cell-cell
communication and defence are dependent on the finely tuned
features of the cell walls. The constituent polysaccharides and
glycoproteins can be highly variable. For example, in land
plants there are 13 commonly occurring monosaccharide resi-
dues that exist in different ring structural forms, can be
glycosidically-linked at different positions, with different iso-
meric forms, and in different sequences, of different lengths, to
form polysaccharides. Further variation results from the attach-
ment of non-carbohydrate substituents such as methyl esters or
O-acetyl groups. Cell wall components are known to differ
between species, between cell types in an individual plant or
alga, in response to biotic and abiotic factors such as pathogen
attack or wind, and between different developmental stages;
the composition is largely responsible for the properties of the
cell wall. For example tissues impregnated with the compound
lignin are water repellent and stiffer than non-lignified tissues
and arabinans are responsible for the unique strength and flex-
ibility of guard cell walls. The arrangement of specific compo-
nents within the wall can also affect wall properties. For ex-
ample the cellulose microfibril angle has a strong influence on
wall stiffness. The properties of cell walls and the individual
components may also be manipulated for example by different
chemical and enzyme treatments. In conclusion the high
degree of variability intrinsic to cell walls and cell wall
components suggests that they have significant promise
for exploitation as green and sustainable sources of novel
bioproducts.
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Algae as a source of high-value products – recent advances
and outstanding challenges
Dr. Dagmar B Stengel1
1National University of Ireland Galway, Galway, Ireland

The vast taxonomic and chemical diversity of algae inhabiting
marine, freshwater and terrestrial habitats has attracted signifi-
cant recent interest for the production of high value natural
products. In particular, algae are considered valuable sources
for compounds such as polyphenols, carotenoids and fatty acids
with multiple bioactivities. An enormous potential exists for
applications in agri-food, including functional foods, and
health; however, sustainable, large-scale production of stable
algal biomass remains a challenge. Two broad approaches ad-
dress the increasing demand for algal biomass: the harvesting of
natural algal populations as is common practise for several
macroalgal species, and the production of algae through culti-
vation, applying various methodologies as appropriate, includ-
ing land-based and off-shore cultivation for macroalgae, and a
range of bioreactor designs for microalgae. The sourcing of
macroalgae from natural populations has highlighted significant
temporal and spatial plasticity in chemical composition which
have been demonstrated to translate into variation in bioactivity
of biomass of the same species - derived from different loca-
tions or harvested at different times of the year. For example,
both levels and composition of fatty acids, mycosporine-like
amino acids, and polyphenols in red and brown macroalgae,
respectively, and their associated bioactivities depended on lo-
cation and collection time. On the other hand, the application of
specific cultivation protocols has allowed the optimisation of
algal composition, and hence bioactive potential, but upscaling
and production costs remain a challenge. Stability and bioavail-
ability of potentially valuable compounds also require further
attention. Results outline the potential to achieve most desirable
biomass composition through selected harvesting regimes from
natural sources, and the scope to optimise algal biomass for
specific, targeted high-value, e.g. food and health, applications.
Advances in analytical methods facilitate the biodiscovery of
new algal compounds and the exploration of their natural
functions; novel biorefinery approaches support their future
integration into the bioeconomy.
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Manganese peroxidase from the corn grain production system
remediates azo-dyes and other chemicals
Dr. Elizabeth Hood1,2, Mr. Joshua Byrd2, Mr. Kendall Hood3
1Arkansas State University Biosciences Institute, Jonesboro,
United States, 2Arkansas State University College of
Agriculture, Jonesboro, United States, 3Infinite Enzymes,
LLC, Jonesboro, United States

Environmental contamination is a problem that affects air, wa-
ter and soils worldwide. Contaminated air, soil and water have
a major impact on human and animal health, not to mention
their effect on plants and agricultural production. Freshwater
rivers and streams receive runoff from farms, cities and indus-
tries with untold volumes of chemicals that are used tomaintain
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our quality of life. Soils are threatened by wind erosion, salinity
increase and compaction, but even more critically by chemical
contamination from industry and agriculture. Additionally, nu-
merous superfund sites are found across the USA and often are
populated with persistent organic pollutants, or POPs. These
are organic chemicals that affect human health and the environ-
ment. Some of the most well-known POPs are dichloro-
diphenyl-trichloroethane (DDT), polychlorinated biphenyls
(PCBs) and dioxin, which is a by-product of manufacturing.
Additional sources of pollution in our water, air and soil are
agricultural and urban waste. Pollutants besides POPs include
pesticides, herbicides, insecticides, and industry waste includ-
ing dyes for textiles and paper. The literature promotes perox-
idases as agents that are effective in bioremediation, synthesis
of chemicals, and as detection agents in diagnostic kits.
However, many of the more widespread uses are not realized
because of the high cost and low availability of these peroxi-
dases. The corn production system can resolve these latter is-
sues. First, large amounts of recombinant manganese peroxi-
dase (MnP) from the white rot fungus, Phanerocheate
chrysosporium is being produced in corn seed. The enzyme is
highly active and is a single isozyme rather than multiple co-
purifying isozymes. We will present data on the utility of this
enzyme to degrade several dyes used in textiles and paper as
well as some common soil and water contaminants.
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A modulated leaf proteome for the recombinant protein
expression host Nicotiana benthamiana
Mr. Antoine Leuthreau1, Ms. MC Goulet1, Mr. Louis-
Philippe Hamel1,2, Prof. Dominique Michaud1, Ms. Jessica
Sansom-Tshimbalanga1
1Laval University, Quebec City, Canada, 2Medicago Inc.,
Quebec City, Canada

Plants represent effective biofactories for the production of
protein pharmaceuticals at an industrial scale. In recent years,
advances in the development of transient expression systems
have allowed for the use of whole plants to express an array of
medically useful recombinant proteins including vaccine an-
tigens, therapeutic antibodies and enzymes for replacement
therapies. In particular, transient expression systems involving
leaf tissue agroinfiltration showed strong potential for the
high-yield expression of different proteins over short periods
of time, thanks to the natural ability of Agrobacterium
tumefaciens cells to readily transfer portions of foreign DNA
into host plant cells. Despite significant advances, work is still
needed to improve agroinfiltration-based systems, notably to
alleviate the complex and costly issue of endogenous protein
contamination upon recombinant protein recovery and purifi-
cation.We have shown recently that an exogenous application
of the defence elicitor methyl jasmonate could enhance the

expression of a clinically-useful antibody and reduce the
steady-state levels of ribulose 1,5-bis-phosphate carboxylase
oxygenase (RuBisCO), a major endogenous protein contami-
nant, in leaves of the widely used expression host Nicotiana
benthamiana. Despite promising developments, the overall
effects of methyl jasmonate on host cells expressing a foreign
protein still remain unclear. For instance, it still has to be
established whether this compound redirects metabolic (e.g.
amino acid) resources to the production of alternative (e.g.
recombinant) proteins and/or if it makes the leaf tissue a
milder environment for protein stability and accumulation.
We here performed a quantitative proteomic analysis of leaf
proteins in agroinfiltratedN. benthamiana plants treated or not
with methyl jasmonate, in a first attempt to elucidate the im-
pacts of this volatile compound at the cell scale in leaves
engineered to transiently express recombinant proteins.
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Biological activities, safety evaluation and phytochemical
analysis of grasses used in South African traditional medicine
F.C. GEBASHE1, A.O. Aremu1,4, J. Gruz2,3, M. Šubrtová2,3,
K. Doležal2,3, J.F. Finnie1 and J. van Staden1
1Research Centre for Plant Growth and Development, School
of Life Sciences , Univers i ty of KwaZulu-Nata l
Pietermaritzburg, Private Bag X01, Scottsville 3209, South
Africa; 2Laboratory of Growth Regulators, Centre of the
Region Haná for Biotechnological and Agricultural
Research, Faculty of Science, Palacký University & Institute
of Experimental Botany AS CR, Šlechtitelů 27, 783 71
Olomouc, Czech Republic; 3Department of Chemical
Biology and Genetics, Centre of the Region Haná for
Biotechnological and Agricultural Research, Faculty of
Science, Palacký University, Šlechtitelů 27, 783 71
Olomouc, Czech Republic; and 4Indigenous Knowledge
Systems Centre, Faculty of Natural and Agricultural,
Science and Technology, North-West University, Mafikeng
Campus, Private Mail Bag X2046, Mmabatho 2790, South
Africa. Email: rcpgd@ukzn.ac.za

The Poaceae plant family is mainly grown for crops.
However, some grasses possess medicinal properties with po-
tential application in human and livestock health. This study
aimed to document and evaluate the biological activities (an-
tibacterial and antioxidant), safety and phytochemical content
in grasses used in traditional medicine by Zulu’s in three lo-
cations in KwaZulu-Natal Province, South Africa. Twelve
grass species used for medicinal purposes amongst the local
communities were documented from the survey. The most
noteworthy antibacterial activities (MIC, 0.625 mg/ml) were
found in Coix lacryma-jobi (roots and leaves, hexane) and
Setaria megaphylla (roots, DCM) extracts against
Staphylococcus aureus. The highest ferric reducing power

THEME 5- NOVEL BIOPRODUCTS AND BIOPHARMACEUTICALS S115



was detected in the whole plant extract of Cynodon dactylon
(0.085 ± 0.45; r2 = 0.898). Based on the Ames test, all the
grass extracts evaluated were not mutagenic. Root methanolic
extracts of Cymbopogon spp., Cymbopogon validus and
Cenchrus ciliaris contained relatively high levels of total phe-
nolics (27–31mgGAE/g DW) and flavonoids (4–13mg CE/g
DW). Across the evaluated grass species, the most common
phenolic compounds contained were ρ-coumaric, ferulic,
salicylic and vanillic acids. Condensed tannins and total
iridoid content was highest in Cymbopogon validus (2.3 mg
CCE/g DW, 3.2 mg HE/g DW, respectively). Findings vali-
date the use of grasses in traditional medicine and their poten-
tial as being sources of valuable secondary metabolites. The
phytochemicals quantified in the grass extracts might be re-
sponsible for the observed biological activities. Therefore, the
isolation of bioactive compounds and their characterization is
under investigation.

Keywords: Ethnobotanical survey, grasses, medicinal plants,
traditional medicine, pharmacology and phytochemicals
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Cell suspension culture of Sabah Snake Grass (Clinacanthus
nutans) for the identification of anti-cancer compounds
Dr. Bee Lynn Chew1, Ms. Qian Yi Phua1, Dr. Sreeramanan
Subramaniam1, Dr. Vuanghao Lim2

1School of Biological Sciences, Universiti Sains Malaysia,
Malaysia, 2Integrative Medicine Cluster, Advanced Medical
and Dental Institute, Bertam, Malaysia

Clinacanthus nutans is a well-known herbaceous medicinal
plant in South East Asia and has recently gained popularity as
an alternative side treatment of cancer. The current study aims
to establish cell suspension culture ofC. nutans and to identify
the presence of selected anti-cancer metabolites (quercetin,
catechin, and luteolin) in the cultures. Internode, young and
mature leaf explants of C. nutans were cultured on MS medi-
um supplemented with different combinations of 2,4-D and
Kinetin to identify the optimal explant type and the callus
induction medium. Parameters such as the orientation of ex-
plants and light illumination were also investigated to identify
culture conditions in friable callus induction. Callus prolifer-
ation medium was then formulated to enhance friable callus
biomass using different types of gelling agents and plant
growth regulators (2,4-D, NAA, Picloram, Kinetin, and
BAP). Scanning Electron Microscopy (SEM) studies were
performed on the proliferated callus to analyse cell arrange-
ment. Three established cell lines of the suspension culture,
callus cells and fresh plant parts were subjected to ethyl ace-
tate extraction subjected to thin layer chromatography (TLC).
Results showed kinetin induced the highest friable callus

biomass at the value of 0.896 g after 8 weeks of culture. Of
all the parameters tested, callus production was significantly
increased when leaf explants were placed on the adaxial sur-
face on the medium and cultured under light condition. Liquid
medium supplemented with 0.25 mg/L 2,4-D and 0.50 mg/L
NAA recorded a significantly higher callus biomass at the
value of 1.760 g. TLC analysis identified quercetin, catechin
and luteolin in the callus and the three cell lines of the suspen-
sion culture whereas only quercetin was identified in the fresh
leaves and stem of C. nutans. The current study has success-
fully established the cell suspension culture ofC. nutans using
leaf explants and also identified the targeted bioactive com-
pounds linked to cancer treatment.
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Metabolic engineering ofArtemisia annuawith rolABC genes
for enhanced production of potent anti-malarial drug
artemisinin
Dr. Bushra Hafeez Kiani1, Prof Bushra Mirza2
1Department of Bioinformatics & Biotechnology,
International Islamic University, Islamabad, Pk, Islamabad,
Pakistan, 2Quaid-i-Azam University,, Islamabad, Pakistan

Malaria is causing more than half of a million deaths and 214
million clinical cases annually. Despite tremendous efforts for
the control of malaria, the global morbidity and mortality have
not been significantly changed in the last 50 years. Artemisinin,
extracted from the medicinal plant Artemisia sp. is an effective
anti-malarial drug. In 2015, elucidation of the effectiveness of
artemisinin as a potent anti-malarial drug was acknowledged
with a Nobel Prize. Owing to the tight market and low yield of
artemisinin, an economical way to increase its production is to
increase its content in Artemisia sp. through different biotechno-
logical approaches including genetic transformation. Artemisia
annua was transformed with rol ABC genes through
Agrobacterium tumefacienes and Agrobacterium rhizogenes
methods. Expression of key genes Cytochrome P450, aldehyde
dehydrogenase1, amorpha-4, 11 diene synthase in the biosyn-
thetic pathway of artemisinin and gene for trichome develop-
ment and sesquiterpenoid biosynthetic were measured using
quantitative real time PCR. Trichome densitywas analysed using
confocal microscope. Artemisinin content was significantly in-
creased in transformed plants when compared to un-transformed
plants. The artemisinin content within leaves of transformed
lines was increased by a factor of nine, indicating that the plant
is capable of synthesizing much higher amounts than has been
achieved so far through traditional breeding. Expression of all
artemisinin biosynthesis genes was significantly increased, al-
though variation between the genes was observed. Levels of
the TFAR1 expression were also increased in all trans-
genic lines. The detection of significantly raised levels
of expression of the genes involved in artemisinin
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biosynthesis in transformed roots correlated with the produc-
tion of significant amounts of artemisinin in these tissues.
Transformation of Artemisia sp. with rol ABC genes
can lead to the increased production of artemisinin,
which will help to meet the increasing demand of
artemisinin because of its diverse pharmacological and
anti-malarial importance.
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Novel bioproducts from lavender to be tested against Myzus
persicae Sulzer (Homoptera:Aphididae)
Dr. Margherita Beruto1, Dr. Luciano Mela1, Prof.
Raffaella Boggia2, Dr. Benedetta Cangelosi1, Dr. Federica
Turrini2, Dr. Paolo Curir3, Dr. Fernando Monroy3
1Regional Institute for Floriculture (IRF), Sanremo (IM), Italy,
2Department of Pharmacy, University of Genoa, Genoa,
ITALY, 3Council for Agricultural Research and Economics,
Sanremo (IM), ITALY

Sustainable agriculture aims at integrating three main objec-
tives: a healthy environment, economic profitability, and so-
cial and economic equity. Floriculture represents an important
sector of agriculture where sustainable cultivation practises
must also provide final products in perfect condition. In order
to reduce the harmful effects of pesticides, EU legislation has
reduced the number of active substances permitted for use in
pest management. It is thus important to identify natural
bioproducts with potential to control pests, diseases, or to
stimulate growth in ornamental plants. The green peach aphid
Myzus persicae Sulzer (Homoptera: Aphididae) is a cosmo-
politan species that is able to transmit viruses to a wide num-
ber of plants. It infests vegetables and ornamental plants
grown in the field and in the greenhouses and it manifests
insecticide resistance. FINNOVER n.1195 is an EU Interreg-
Alcotra project that aims to bring new perspectives to floricul-
ture enterprises by recovering useful bioproducts from the
waste produced during the distillation of essential oils from
lavender and other aromatic species. The chemical analysis of
this industrial by-product showed that it can be considered as
an inexpensive source of phenols and flavonoids. Water
wastes contained persistent amounts of volatile compounds
and were also rich in sugars and compounds with a significant
antioxidant activity. Pulsed ultrasound-assisted extraction was
employed to extract the solid by-products, obtained after es-
sential oils production, using food-grade solvents. DOE, UV-
visible spectrometry and chemometrics were employed to op-
timize the extractions. All the extracts presented a promising
total phenolic content (60–70 mg GAE /100 mL) and radical
scavenging activity (100–150 mg AAE/100 mL). The anti-
probing effect of these natural products, besides the possibility
to overcome the insecticide resistance, is under evaluation.
The research found that the by-products of essential oil

distillation can represent a valuable, but overlooked, source
of multifunctional compounds. This work was carried out
with the financial support from the Interreg V-A ALCOTRA
2014–2020, Project n° 1195, FINNOVER.
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In vitro Bioassay guided Isolation, characterization and elici-
tation of anticancerous bioactive compounds from Cullen
corylifolium
Prof. Veena Agrawal1
1University Of Delhi, Delhi, India

Herbal medicines have been reckoned as the potential panacea
for various lethal human diseases including cancer and diabetics.
The significance of the medicinal plants largely based on the
accumulation and synthesis of a plethora of bioactive molecules
in their cells/organelles. There has been an exponential growth
of herbal products both in developed and developing countries
due to rapid advancement in scientific literature and availability
of modern analytical tools. Over the years, the major constraints
in medicinal plants research have been realized in the identifica-
tion of elite germplasm, their multiplication, evaluation of their
therapeutic potential and elicitation of the bioactive compounds.
Bioassays were carried out using whole plant/plant-part extracts
in different solvents against different cancer cell lines such as
glioblastoma, lung cancer and colon cancer, etc. Cell viability
was tested through MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) bioassay and DNA fragmentation.
The evaluation of cell viability and apoptosis was further vali-
dated using various fluorescent dyes, acridine orange and
ethidium bromide. The crude extracts of Cullen corylifolium
proved to be more lethal compared to standard marker com-
pounds such as psoralen, diadzein, and genistein. Its green seed
extract proved cytotoxic to U87 MG and U373 MG glioblasto-
ma cells at low doses, its IC 50 value being 7.5 ± 0.3 μg/mL, 7
± 0.4 μg/mL and 6.6 ± 0.8 μg/mL, respectively for 24, 48 and
72 h for U87MG and 10.4 ± 1.3 μg/mL, 10 ± 2.1 μg/mL, 4.3 ±
1.9 μg/mL, respectively for 24, 48 and 72 h for U373 MG.
Psoralen, genistein and diadzein were analyzed using bio ana-
lytical tools e.g., HPLC and TLC. Psoralen was isolated using
column chromatography and characterized using FTIR and
NMR. Elicitation was conducted using different biotic and abi-
otic elicitors in the culture medium. The work related to in vitro
technology, bio-efficacy study, isolation of bioactive compound
and their elicitation will be presented.
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Biomass Accumulation and Polyphenols Quantification in Cell
Suspension Culture of Date Palm (Phoenix dactylifera L.)
Prof. Jameel M. Al-Khayri1, Dr. Poornananda M. Naik1
1King Faisal University, Al-Hassa, Saudi Arabia
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Date palm (Phoenix dactylifera L.) is an economically
important fruit tree growing in regions of the Middle
East and North Africa. Dates are gaining worldwide-
interest as a health food that possesses various secondary
metabolites which are high in nutritional and therapeutic
values. Previous studies have demonstrated total phenol
production in date palm cell suspension, however, specific
bioactive compounds were not reported. The objective of
the current study was to monitor biomass accumulation in
relation to time and the production and evaluation of some
pharmaceutically important polyphenolic compounds. Date
palm (cv. Shaishi) cell suspension cultures were
established from shoot-tip-induced callus in Murashige
and Skoog (MS) liquid medium augmented with 1.5 mg/
l N6-(2-isopentenyl)adenine (2iP) and 10 mg/l α-
naphthaleneacetic acid (NAA). The cultures were main-
tained on a rotary shaker set at 150 rpm for 12 weeks
during which they subcultured at 2-week intervals and
incubated at a 16-h photoperiod (40 μmol/m2/s) and 25
± 2 °C. Biomass growth kinetics was determined based on
weekly measurements of packed cell volume, fresh weight
and dry weight. Weekly evaluation of polyphenols was
conducted using high performance liquid chromatography
(HPLC). The results demonstrated that biomass growth
(62.9 g/l fresh weight and 7.6 g/l dry weight) and poly-
phenols (155.9 μg/l catechin, 162.7 μg/l caffeic acid,
89.7 μg/l kaempferol, and 242.7 μg/l apigenin) reached max-
imum production in the 11th week after cell suspension cul-
ture initiation. This is the first report on the production and
quantification of these pharmaceutically important poly-
phenols in date palm cell suspension. In addition to
providing a novel value-added utility for date palm, this
study has contributed to the essential knowledge and
validation for the development of commercial bioreac-
tors designed to enable large-scale production of bioac-
tive compounds from date palm cell cultures. This re-
search was funded by King Abdulaziz City for Science
and Technology (KACST), Saudi Arabia (Project Grant
No. Arp-34-63).
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Modulation of Medicago Cell Suspension Cultures for
Enhanced Recombinant Protein Production
Dr. Rita Abranches1, Ms. Rita B. Santos1, Dr. Ana Sofia
Pires1, Dr. Renier AL van der Hoorn2, Dr. Andreas
Schiermeyer3
1Plant Cell Biology, Instituto de Tecnologia Quimica e
Biologica Antonio Xavier, Universidade Nova de Lisboa,
Oeiras, Portugal, 2Department of Plant Sciences, University
of Oxford, Oxford, United Kingdom, 3Department of Plant
Biotechnology, Fraunhofer Institute for Molecular Biology
and Applied Ecology IME, Aachen, Germany.

Plant platforms for production of high value compounds offer
significant advantages when compared to traditional expres-
sion systems, namely in terms of safety and cost. However, a
challenge remains so that plants become truly competitive, i.e.
to improve the low yields of product accumulation that are
generally obtained. We have been working with cell suspen-
sion cultures of the model legume Medicago truncatula, pro-
ducing recombinant proteins with applications in animal feed
or human health. To improve yields, we have used two com-
plementary approaches: 1) to increase the transcriptional ac-
tivity of the transgene through epigenetic modulation; 2) to
reduce proteolytic activity through the expression of specific
protease inhibitors. In the first approach, we increased the
transcriptional rates of the gene encoding a recombinant hu-
man protein by adding histone deacetylase inhibitors to the
culture medium, which resulted in improved yields of the
recombinant product. These inhibitors cause histones to be-
come more acetylated. Consequently, chromatin becomes
more relaxed and therefore more prone to transcription. The
expression of the transgene was evaluated by digital PCR and
the changes in histone acetylation were investigated, as well as
cell viability and recombinant product accumulation. In the
second approach, we evaluated the proteolytic activities that
hamper the successful production and purification of proteins
in theMedicago system. We identified 15 proteases in the cell
medium and were able to identify papain-like cysteine prote-
ases as a major contributor to protein degradation. We
engineered a cell line with reduced endogenous protease ac-
tivity by expressing a cysteine protease inhibitor, which
showed lower proteolytic activity towards target proteins.
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Lettuce-produced hepatitis C virus E1E2 heterodimer triggers
immune responses in mice and antibody production after oral
vaccination
Prof Jihong Liu Clarke1, Prof. Norica Branza-Nichita2, Prof.
Crina Stavaru Stavaru3, Ms. Astrid Sivertsen4, Ms. Hege
Steen1, Dr. Lisa Paruch1, Dr. André Eerde1, Ms. Inger
Heldal1, Dr. Mihaela-Olivia Dobrica2, Dr. Catalin
Tucureanu3, Dr. Adrian Onu3, Dr. Sonya Ciulean3, Dr.
Catalina Petrareanu2, Dr. Catalin Lazar2, Dr. Ioan Popescu,
Ms. Sissel Haugslien, Prof. Ralph Bock5, Prof. Jean
Dubuisson6
1NIBIO -Norwegian Institute of Bioeconomy Research, Aas,
Norway, 2Institute of Biochemistry of the Romanian
Academy, Bucharest, Romania,3”Cantacuzino” National
Research Institute, Bucharest, Romania, 4Norwegian
University of Life Sciences, Aas, Norway, 5Max Planck
Institute of Molecular Plant Physiology, Potsdam-Golm,
Germany, 6Center for Infection & Immunity of Lille (CIIL),
Inserm U1019, CNRS UMR8204, Université de Lille, Institut
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The hepatitis C virus (HCV) is a major etiologic agent for
severe liver diseases (e.g. cirrhosis, fibrosis and hepatocellular
carcinoma). Approximately 140 million people have chronic
HCV infections and about 500,000 die yearly from HCV-
related liver pathologies. To date, there is no licensed vaccine
available to prevent HCV infection and production of an HCV
vaccine remains a major challenge. Here we report the suc-
cessful production of the HCV E1E2 heterodimer, an impor-
tant vaccine candidate, in an edible crop (lettuce, Lactuca
sativa) using Agrobacterium-mediated transient expression
technology. The wild-type dimer (E1E2) and a variant without
an N-glycosylation site in the E2 polypeptide (E1E2ΔN6)
were expressed, and appropriate N-glycosylation pattern and
functionality of the E1E2 dimers were demonstrated. The hu-
moral immune response induced by the HCV proteins was
investigated in mice following oral administration of lettuce
antigens with or without previous intramuscular prime with
the mammalian HEK293T cell-expressed HCV dimer.
Immunization by oral feeding only resulted in development
of weak serum levels of anti-HCV IgM for both antigens;
however, the E1E2ΔN6 proteins produced higher amounts
of secretory IgA, suggesting improved immunogenic proper-
ties of the N-glycosylation mutant. The mice group receiving
the intramuscular injection followed by two oral boosts with
the lettuce E1E2 dimer developed a systemic, but also a mu-
cosal immune response, as demonstrated by the presence of
anti-HCV secretory IgA in feces extracts. In summary, our
study demonstrates the feasibility of producing complex viral
antigens in lettuce, using plant transient expression tech-
nology, with great potential for future low-cost oral vaccine
development.
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Antimicrobial properties of Verbascum thapsus. Issues in
research on botanicals
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The ongoing emergence of antibiotic resistance has encour-
aged research of botanicals as alternate sources of antimicro-
bials. However, the complexity of the constituent profile (of
botanicals) together with their inherent variability makes this a
challenging process. The challenge is not limited to the plant

itself but potentially includes associated procedures such as
extraction processes, solvents used and storage conditions.
This research focuses both on a review of the literature togeth-
er with research findings on Verbascum thapsus (Mullein). V.
thapsus has a strong traditional emphasis on the treatment of
diseases of the respiratory system including bronchitis, asthma
and tuberculosis (TB) and has known antimicrobial properties
against a range of microbes (bacteria and viruses), both Gram-
positive and Gram-negative. However, as a wide variety of
processing procedures are used both traditionally and within
research it is not clear which processing parameters produce
the best antimicrobial results. The research examines a range
of factors which potentially could affect the antimicrobial ef-
fects of V. thapsus. A well diffusion assay was used to deter-
mine the antimicrobial effect of various extracts of V. thapsus
against different strains of Staphylococcus aureus. Both fresh
(later dried) and pre-dried leaf and flowers (from different
regions) were processed using different solvents, concentra-
tions and temperatures.
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There is a global interest in the use of botanicals as medicines,
cosmetics, novel foods or food ingredients. Approximately
25% of modern drugs and 60% of anti-cancer medicines are
derived from natural compounds. It is acknowledged that in
order to provide consistency both in composition and bioac-
tivity, these applications need to be supported by research on
quality and safety (in addition to efficacy), covering
such areas as, growth and collection, authentication
(adulteration), processing (extraction, stability) and vali-
dated analysis. However, botanicals are complex and
changing. The constituents are both initially variable
and many tend to be unstable. This raises significant
issues in terms of researching and manufacturing botanicals.
From a review of the literature, a range of issues were ex-
plored based around the effect of regulation and guidelines
on research, research approaches and methods used in authen-
tication, extraction, separation and detection. The presentation
will discuss current practice within the scope of botanical
quality and safety requirements.
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